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Summary We describe herein a patient with Panayiotopoulos syndrome (PS)
showing an atypical course. The patient initially had seizures typical of this syndrome
from 3 to 5 years of age. EEG showed right occipital high-amplitude sharp and slow-
wave complexes followed by brief generalized discharges of slow waves. Sequential
EEGs obtained from 5 to 11 years of age showed both multifocal discharges and
generalized spike and wave complexes. With these changes in EEG findings, the
patient experienced various types of seizures. The seizures were frequent and
showed oculocephalic deviation followed by absence, atonic seizures, generalized
tonic clonic convulsions and clonic seizures of the eyelids, which were observed
between 7 and 10 years of age. Antiepileptic drugs were only partially effective for
these seizures. Ictal EEG recorded at 8 years of age revealed high-voltage slowwaves
from the bilateral frontal and occipital regions prior to diffuse high-amplitude spike—
wave bursts. At 9 years of age, magnetoencephalography (MEG) revealed the
calculated dipoles of the preceding bifrontal spike—wave discharges to be in the
frontal areas, while those of the following generalized spike—wave burstswere in the
bilateral mid-temporal areas. In PS, reportedly, dipoles of multifocal epileptic
discharges are usually located in the occipital and Rolandic areas. The unique clinical
evolution in our case may be associated with the unusual frontal localization of
dipoles detected by MEG.
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Panayiotopoulos syndrome (PS) was first reported as
benign childhood epilepsy with occipital parox-
ysms.1 EEG examinations of patients with PS demon-
strated the interictal spike foci to frequently shift. Published by Elsevier Ltd. All rights reserved.
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appearance of paroxysmal discharges, PS patients
usually have an excellent prognosis.1—7 Dipole
source analyses in PS have demonstrated the various
types of spikes observed to have similar and stable
dipole locations.8—10 We describe herein a patient
with an atypical PS course, who showed variable and
frequent seizures 4 years after the onset of typical
PS. To understand the electrophysiological mechan-
ism in this patient, we identified the epileptic foci
using interictal magnetoencephalography (MEG).Case report
This patient was a Japanese girl born to healthy and
nonconsanguineous parents, with normal psychomo-
tor development. She had the first PS seizure at 3.5
years of age. In the daytime, she suddenly com-
plained of feeling sick, followed by repeated vomit-
ing and facial pallor, and then upward deviation
of the eyes. After being unresponsive for half an
hour, she gradually recovered and felt normal after
several hours of sleep. Initial EEG at 4 years and 1
month revealed right occipital-dominant, high-
amplitude sharp and slow-wave complexes followed
by a brief generalized discharge of slow waves
during sleep (Fig. 1a). Based on the ictal symptoms
and EEG findings, the diagnosis of PS was made.
Carbamazepine (7 mg/kg/day) was administered,Figure 1 (a) Interictal EEG at the age of 4 years and 1 mont
Right occipital spike—waves were followed by generalized disc
years. While awoke but with her eyes closed, the patient sudde
initial 2 s of the seizure, EEG showed a bilateral frontal occipit
wave burst continued for 5 s (between the two solid triangleand the serum level was maintained at the lower
limit of the therapeutic range (4—5 mg/ml). There
was an additional similar attack at the age of 5
years. Focal spikes were seen in the right tem-
poral-occipital area on follow-up EEG at 5 years
of age (Fig. 2a). At the age of 6 years, the frequency
and duration of the generalized discharges were
increased during hyperventilation and sleep. Focal
spike foci became bilateral and spread to the par-
ieto-occipital area (Fig. 2b). At the age of 7 years,
repeated attacks with brief impairment of con-
sciousness were reported by a schoolteacher. Ictal
EEG showed occipitally dominant, diffuse and irre-
gular, 2.5 Hz spike—wave bursts lasting about 10 s.
Because of these absence-like seizures, the initial
diagnosis of PS was questioned. We suspected that
the absence-like seizures might have been paradoxi-
cally provoked by carbamazepine. Therefore, car-
bamazepine was discontinued and replaced by
valproate, and then by ethosuximide. However,
these antiepileptics also had to be abandoned
because of liver dysfunction and drug eruption,
respectively. The patient did not receive antiepi-
leptic drugs for 2 months. EEG findings remained
unchanged, and there were frequent seizures show-
ing oculocephalic deviation followed by brief
impairment of consciousness, but no vomiting. Ictal
EEG indicated a diffuse, high-amplitude spike—wave
burst (Fig. 1b). Preceding high-voltage slow-wave
bursts were seen in both the occipital and theh, 6 months after the onset of typical autonomic seizures.
harges of sharp and slowwaves. (b) Ictal EEG at the age of 8
nly opened her eyes and became unresponsive. During the
al polyspike—wave burst. A subsequent generalized spike—
s), during which the patient remained unresponsive.
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waves was higher than that of the frontal waves.
At this stage, our patient’s condition was considered
to be PS with an atypical evolution. Carbamazepine
was again prescribed, and partially alleviated the
oculocephalic deviation. However, the frequency of
seizures increased again rising to 30 times per day,
and was particularly high when the patient was
tired. Interictal EEG showed bilateral frontotem-
poral spikes and slow waves (Fig. 2c) and right-side
dominant frontal spike waves followed by a diffuse
spike—wave or sharp wave—wave burst. At the age
of 8 years, her seizures transiently showed an atonic
component. MRI examinations revealed no abnor-
mal findings. At the age of 9 years, zonisamide was
added to the treatment regimen and carbamazepine
was gradually decreased, resulting in a reduction of
ocular deviation attacks, and the appearance of
generalized tonic seizures. Taking into account
the possibility of paradoxical effects of antiepileptic
drugs, zonisamide and carbamazepine were com-
pletely stopped at the age of 9 years and 9 months.
The frequency of her ocular deviation attacks gra-
dually decreased. Two months after the withdrawalFigure 2 Serial interictal EEGs. (a) Sleep recording obtaine
spike. (b) Spike foci became bilateral and had spread to the ce
were located bilaterally in the frontotemporal regions at 8
oculochephalic deviation followed by brief impairment of coof antiepileptics, she had clonic seizures of the
eyelids without impairment of consciousness every
day for a month. At 10 years and 3 months of age,
she had a seizure with brief impairment of con-
sciousness, and thereafter was seizure-free. The
follow-up EEG at 11 years and 4 months of age
showed both isolated left-side dominant parieto-
occipital and temporal-occipital paroxysms and
generalized discharges. Generalized discharges
were shorter in duration than with previous sei-
zures, were not associated with ictal phenomena
such as unresponsiveness, and attenuated when she
opened her eyes.MEG study
MEG was done in a magnetically shielded room with
a helmet-shaped 204-channel neuromagnetometer
(Neuromag Ltd., Finland) at 9 years and 11 months
of age, 2 months after withdrawal of antiepileptics.
Simultaneously, EEG recordings were obtained. The
equivalent current dipoles (ECD) of spikes were
fitted by the least-squares method using a singled at 5 years of age reveals a right-side temporal-occipital
ntral and parietal regions by 7 years of age. (c) Spike foci
years of age. The patient had frequent seizures with
nsciousness.
646 M. Saitoh et al.equivalent dipole model in a spherical homogeneous
conductor.11 The ECD was accepted, if the
correlation coefficient of goodness of fit (GOF)
was greater than 0.90. The calculated ECDs of spikes
involved in generalized spike—wave discharges wereFigure 3 MEG at the age of 10 years. An EEG was recorde
preceded generalized discharges (frame C). The current sourc
anterior frontal area on the MEG study (B). However, this dipole
the generalized spike and wave discharges were localized in t
stable and reproducible, with GOF exceeding 0.90.superimposed on the patient’s MRI to analyze the
three-dimensional relationship between MRI find-
ings and the current source localization of the
spikes. As shown in Fig. 3, simultaneous EEG demon-
strated a bifrontal spike—wave burst followed byd simultaneously. Bilateral frontal paroxysms (frame A)
e of the frontal paroxysms appeared to be localized in the
was not stable (GOF = 0.65—0.70). The current sources of
he bilateral the temporal cortices (D). These dipoles were
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Figure 4 Whole head MEG at the appearance of a generalized spike and wave burst on simultaneous EEG (shown in
Fig. 3, frame C).generalized discharges. The current source of the
bifrontal spike—wave was localized in the anterior
frontal area on MEG, but this dipole was not stable
(GOF = 0.65—0.70). The current source of the gen-
eralized spike—wave was localized bilaterally in the
temporal cortices, and both dipoles were stable and
reproducible (GOF > 0.90) (Figs. 3 and 4).Discussion
In our case, brief impairments of consciousness were
seen 4 years after the onset of typical Panayioto-
poulos type seizures. Although initially suspected, a
paradoxical effect of CBZ12,13 was eventually ruled
out because the absence-like seizures persisted
despite withdrawal of the antiepileptic drugs and
were then accompanied by oculocephalic deviation.
We therefore considered this case to represent an
atypical course of PS. Caraballo et al. reported a
case who initially had typical PS but later showed
behavioral and neuropsychological impairments,
probably in association with continuous spikes and
waves recorded on EEG during slow sleep.14
Although frequent seizures occurred daily for nearly
2 years, our patient showed neither behavioral
problems nor intellectual deterioration. During
her course, sleep EEG findings were well organized,
and no continuous spike—wave pattern was detect-
able. After the age of 10 years she had only infre-
quent seizures. Therefore, we considered this
patient to have PS of intermediate severity and with
an atypical course, resembling the case described by
Ferrie et al.15 In our case, seizure type changes were
accompanied by variations in EEG findings, such
as shifts in EEG foci and increases in both the dura-
tion and the frequency of generalized discharges.
Such shifts in EEG foci are well known in childhoodepilepsy. Approximately half of the spike foci initi-
ally located in the occipital region reportedly move
to the frontal region with age.16
Studies on the epileptogenic foci of PS have
employed functional neuroimaging or MEG. A
patient with typical PS and diffuse spike—wave
complexes on EEG showed decreased cerebral blood
flow in the occipital region on interictal SPECT.17
Another report described a 6-year-old boy with
ocular deviation followed by impairment of con-
sciousness, in whom MEG at age 12 years revealed
the estimated dipoles to be clustered in the left
cuneus, whereas EEG foci were localized in the left
occipital area.8 Recently, Kanazawa et al. con-
ducted a MEG study of 13 patients with PS and found
those with typical PS to show ECDs located mainly in
the area alongside the parieto-occipital and/or the
calcarine sulcus.9 One patient who was regarded as
having a combination of PS and atypical benign
epilepsy of childhood had relative broad areas of
clustered ECDs in the bilateral Rolandic areas. Yoshi-
naga et al. reported that, despite the multifocal
appearance of the spikes in eight children with PS,
their dipole locations were stable in the mesial
occipital and Rolandic areas.10 They speculated that
the good prognosis of PS is related to the marked
stability of dipoles, despite the multifocal appear-
ance of spikes. In such patients with typical PS,
neither frontal nor temporal ECDs were identified.
It is noteworthy that the dipole was detected in the
frontal area in our case. Although the frontal dipole
GOF was relatively low at the time of MEG examina-
tion, its unusual localization may be related to the
atypical course in this case. Furthermore, we must
consider the possibility that our patient had an
element of frontal lobe epilepsy during the course
of PS. This possibility cannot be excluded, because
frontal lobe epilepsy, particularly of anterior
648 M. Saitoh et al.frontopolar origin, maymanifest with loss of contact
and adverse movements of the eyes and head, both
of which were ictal symptoms in this patient.
In conclusion, this patient was initially presented
with typical PS seizures, but subsequently experi-
enced a variety of seizures not typical of PS. Her
unique clinical evolution may be associated with the
unusual frontal localization of dipoles detected by
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